Study Design. A prospective, randomized, controlled, multicenter clinical study.
Instrumented posterolateral fusion of the lumbar spine is a common procedure for a variety of spinal disorders. The conventional technique for achieving posterolateral fusion involves placing iliac crest bone graft between the decorticated surfaces of lamina, facet joints, and transverse processes. However, the removal of bone from the iliac crest requires an additional surgical procedure with a distinct set of potential complications [1] [2] [3] and is limited by the available bone quantity. In an attempt to address the disadvantages of autologous bone graft, extensive research has focused on the development of alternatives.
The seminal discovery by Urist 4 that bone-derived proteins can induce bone formation launched the promising strategy of bone regeneration using bone morphogenetic proteins (BMPs). Extensive data have shown that molecules belonging to the BMP family can initiate the cascade of bone formation, including the migration of pluripotent mesenchymal stem cells and their differentiation into osteoblasts. 5 Currently, 2 BMPs (osteogenic protein-1 [OP-1] and BMP-2) are commercially available and have been evaluated in a variety of clinical situations, including spinal fusion. 6 -10 Although most studies have generated encouraging data, controlled clinical trials for each BMP and for each anticipated application need to be performed, not only to define the clinical efficacy, but also to clearly define safety parameters for these highly osteoinductive compounds.
In a prospective European multicenter study, we evaluated the use of OP-1 combined with locally obtained bone from the laminectomy, as a replacement of iliac crest autograft in single-level instrumented posterolateral fusions in patients with isthmic or degeneratieve spondylolisthesis with central or foraminal stenosis. This article describes the safety and feasibility of the use of OP-1 for this indication, based on the 1-year results of the first 36 patients comprising the pilot group of the study.
Materials and Methods
Study Design. In a prospective, randomized, multicenter study, 36 patients who required 1-level instrumented posterolateral fusion of the lumbar spine for central or foraminal stenosis by isthmic or degenerative spondylolisthesis were enrolled in 5 participating pilot centers. The study was performed according to the principles of the Declaration of Helsinki and Good Clinical Practice. There were 2 treatment groups in a 1:1 ratio, making a total of 18 patients per treatment group. One group received OP-1 combined with locally obtained bone form the laminectomy (OP-1 group) and the other group received autologous bone graft obtained from the iliac crest combined with locally obtained bone (autograft group). The patients were observed before surgery and at 6 weeks, 3 months, 6 months, and 1 year after surgery. The primary outcome was the presence or absence of radiologic fusion (computed tomography scans) after a 1-year follow-up. The clinical outcome was measured using the Oswestry Disability Index (ODI). 11 Additionally, the safety of OP-1 was evaluated by comparing the frequency and severity of adverse events that occurred between both populations.
Inclusion and Exclusion Criteria. After approval from the institutional review board, patients qualifying for decompression and fusion of 1 spinal level (L3-S1) with the use of autograft were recruited through the medical institutions of the participating investigators. All patients had a degenerative or isthmic spondylolisthesis with symptoms of neurologic compression caused by central or foraminal stenosis. The exact inclusion and exclusion criteria are summarized in Table 1 .
Bone Graft Substitute. One unit Osigraft (Stryker Biotech, Hopkinton, MA) containing 3.5 mg lyophilized rhOP-1 in 1 g of collagen type I carrier was used per side of spine, for a total of 2 units. Each unit was prepared in a separate bowl (Figure 1 ). The bony parts collected from the decompression (local autograft) were morselized using a bone nibbler, and divided into 2 equal proportions. At least 2.5 mL of fresh unheparinized blood was added to each bowl. The local autograft was uniformly mixed with the Osigraft. To improve the handling characteristics, the mixture of OP-1 and local autograft was allowed to clot for a minimum of 15 minutes before implantation.
Surgical Technique. All instrumented posterolateral lumbar fusions were strictly standardized and identical for the 2 groups with the exception of the bone grafting technique. Each of the patients underwent surgery using general anesthesia. Prophylactic cephalosporin were given for 24 hours starting at least 15 minutes before the incision. A posterior midline incision was made with subsequent dissection of the paraspinal muscles down to the transverse processes of the affected levels. Decortication was performed all through the posterolateral lumbar area from the transverse processes to over the posterior aspect of facet joint. Decompression was achieved by performing a bilateral laminectomy or partial laminectomy and medial facetectomies, as necessary to completely decompress the neural elements. All patients received posterolateral spinal fusion with pedicle screw instrumentation (Xia Spinal System; Stryker Spine, Allendale, NJ). In case the patient was randomized in the control group, bone graft was obtained using the surgeons preferred technique at a single site of the iliac crest. Preferably, the initial midline incision was used to harvest the autograft and no additional incision was made. Care was taken not to deviate from the normal autograft amount taken in a typical 1-level fusion. Before placing the graft material, careful hemostasis secured a dry fusion bed, which is required for adequate containment of the OP-1. The appropriate graft material, either OP-1 with local autograft or morselized iliac crest autograft with local autograft, was placed in the lateral gutters on the decorticated bony surfaces of the transverse processes, pedicles, and along the pars interarticularis. No irrigation of the wound was performed after the placement of the bone graft. Closure was in 3 layers, and no deep drain was used.
After the surgery, patients were prohibited to use nonsteroidal anti-inflammatory drugs for at least 6 weeks, and thrombosis prophylaxis was given according to the locally used treatment standard. A brace or orthosis was given for at least 8 weeks after surgery, to protect the spine from excessive movements.
Randomization. All participants were enrolled between July 2004 and June 2005. They were first seen in the practice of their surgeon, who evaluated eligibility for enrolment based on the inclusion and exclusion criteria. A computer-generated randomization code was produced according to the "randompermuted-block" by a researcher not affiliated with the trial using SYSTAT for windows (SYSTAT Inc., Evanston, IL). By using this randomization scheme, each participating center included an equal number of patients per treatment group. To prevent any potential bias, the surgeons were blinded to the treatment group as long as possible. That means that the decompression and placement of the screws were performed before the envelope containing the randomization of the patient was opened and the surgeon received the result of the randomization.
Radiographic Outcome Measurements. The computed tomography scans were reviewed by a spinal surgeon (F.C.O.) and a senior radiology resident (H.Q.U.) blinded to the treatment group and the institute where the procedure was performed. A third observer, a spinal surgeon (N.V.), was used to adjudicate conflicting findings. In the exceptional case that all 3 observers classified the fusion differently, the patient was classified as "Doubtful fusion." A detailed classification system based on the classification system described by Christensen et al, 12 was used to determine the fusion rate. This classification consisted of the following 3 categories:
1. "Fusion" defined as a continuous bony bridge from the base of the pedicle and transverse processes from 1 vertebra to the other, at a minimum of 1 side of the spine, in absence of any secondary signs of nonunion, such as fracture or loosening of the screws. If the fusion was doubtful in any way, the patient was not classified as fused. 2. "Doubtful fusion" indicated suboptimal quality of the bone bridging or some doubtful discontinuity, including fusion mass possibly hidden behind instrumentation, at a minimum of 1 side of the spine, in the absence of "fusion" on the other side. 3. "Nonunion" indicated definite discontinuity or lack of the fusion mass at both sides of the spine.
Clinical Outcome Measurements. Clinical assessments
were completed before surgery and at 6 weeks and 3, 6, and 12 months after surgery. The outcome analyses were supported using the Visual Analog Scale (VAS) and the ODI, version 1.0. The Oswestry score was obtained from both groups. The ODI 11 is a validated and standardized instrument commonly used for outcomes in spinal pathology. This evaluation questionnaire is scored from 0% (no disability) to 100% (total disability) and is related to subject perception of the effect of his or her current low back pain on activities of daily living. One question specifically rates the intensity of pain.
In the arm receiving iliac crest autograft an additional semiquantitative multiple-choice question was asked regarding their donor site pain. Additionally, the intensity of the postoperative iliac crest site pain was scored based on a 10-point VAS (range, 0 -10). A VAS score of 0 was defined as no pain, and a score of 10 was defined as the worst pain imagined by the patient. Notably, the patients were clearly instructed on paper that the questions concerned iliac crest-related morbidity and not the low back pain.
Safety Evaluation. The safety of OP-1 was evaluated by documenting details and severity of adverse event that occurred within the study population. An adverse event included any untoward medical occurrence in a patient, regardless of the nature of the event or its severity, which does not necessarily have a causal relationship with the treatment. The nature and frequency of the occurred adverse events were compared between both groups.
Statistical Analysis. All data were collected and recorded using Filemaker Pro version 7.0v1 (FileMaker Inc., Santa Clara, CA). SPSS version 14.0.0 software (SPSS Inc., Chicago, IL) was then used to conduct statistical analyses. Frequency and descriptive analyses were conducted on all data sets. Comparison of categorical variables between the treatment groups was analyzed using a Fisher exact test. For comparison of age and preoperative Oswestry scores between both groups, an independent sample t test was used. A Mann-Whitney nonparametric test was used to analyze differences in body mass index, blood loss, operative time, and length of stay, which is appropriate for variables that are not normally distributed. A repeated measures analysis of variance was used to assess any significant differences of the Oswestry score after surgery and differences between both treatment groups. The threshold for statistical significance was established at P Ͻ 0.05. All values are given as mean Ϯ standard deviation.
Results

Patients Follow-up
In a total of 36 included patients, 4 protocol violations occurred, and 2 patients did not complete the 12-month follow-up period. Two protocol violations (autograft group) concerned a different surgical procedure than that specified in the protocol: 1 patient had a fracture of the pedicle during surgery, necessitating a 2-level fusion and 1 patient received only local autograft as grafting material. These patients were subsequently excluded from any statistical analysis. The 2 other protocol violations (OP-1 group) concerned preoperative Oswestry scores less than the minimum required score of 30. Because the primary outcome was based on radiologic fusion rates, these patients were not excluded from the study. Of the patients that did not complete the follow-up period, 1 patient was lost to follow-up (OP-1 group) and 1 patient (OP-1 group) had a concurrent medical condition (primary brain tumor) diagnosed after the surgery. The patients who failed to have finished their 12-month visit were included in the statistical analysis until their last follow-up visit, at 6 weeks and 6 months, respectively.
Patients Demographics
The OP-1 group included 8 women (44%) and 10 men (56%), with an average age of 53 Ϯ 18 years. The origin of the instability was degenerative spondylolisthesis in 10 patients (56%) and isthmic spondylolisthesis in 8 patients (44%). The autograft group consisted of 10 women (63%) and 6 men (38%), with an average age of 55 Ϯ 13 years. The origin of the instability was degenerative spondylolisthesis in 11 (69%) patients and isthmic spondylolisthesis in 5 (31%) patients. There were no significant differences in baseline characteristics between both groups, expect for the distribution of the fused spinal levels. Complete patient demographics are shown in Table 2 .
Surgery
The surgical data are summarized in Table 3 . There were no significant differences in blood loss, surgery time, and length of hospitalization between both groups.
Radiographic Fusion Rates
The fusion rates were not statistically different between the treatment groups (P ϭ 0.95). Ten (63%) of 16 patients were classified as definitely fused in the OP-1 group compared with 10 (67%) of 15 in the autograft group. The complete fusion rates are summarized in Table 4 .
Clinical Follow-up
Oswestry scores improved after the surgery compared with the preoperative scores (P Ͼ 0.001; Figure 3A) . Because there was a slight, but not significant, difference in the preoperative values between the 2 groups, the average improvement in the Oswestry score was calculated at each time interval ( Figure 3B ). There were no significant differences in the mean Oswestry scores between the study group and the control group at any time point (P ϭ 0.52).
Pain at the Donor Site of the Bone Graft
Pain at the donor site was only measured in the control group. In 2 (13%) of the 16 patients, a separate incision was made to harvest the iliac crest bone graft. The classification of the donor site pain per time point is summarized in Table 5 . One year after the surgery, 64% of the patients classified their donor site pain at least as mild. The average donor site pain at 1-year follow-up was graded as 2.7 Ϯ 2.8 using the VAS (Table 6 ). No complication directly related to the bone graft harvesting procedure occurred.
Adverse Events and Complications
Adverse events were experienced by 17 (50%) of the 34 patients (Table 7 ). This was not significantly different between the treatment groups (P ϭ 48). The adverse events were typical for the complications expected with for instrumented posterolateral fusion with decompression. In 1 patient in the OP-1 group, a primary brain tumor was diagnosed 11 months after the surgery. Histologic examination revealed a grade IV glioblastoma. Because the patient refused any additional medical care and has voluntarily withdrawn from the study, the further progress of the disease is unknown.
Discussion
This is the first study comparing OP-1 with iliac crest autograft in 1-level lumbar spine instrumented posterolateral fusion. The preliminary results indicate that OP-1 combined with local autograft is a safe and effective alternative for autologous bone graft from the iliac crest. Using strict criteria, fusion rates of 63% were found in the OP-1 group, which was not statistically different from iliac crest autograft. The main advantages of using of OP-1 instead of autologous bone graft are that it prevents the morbidity associated with the grafting procedure and that the fusion procedure is not limited by the quantity of autologous bone that is available from the iliac crest(s).
To date, few randomized prospective trials using OP-1 in spinal fusions have been reported [7] [8] [9] [10] that have generated encouraging data. It remains, however, difficult to compare the studies because of differences in indication, use of spinal instrumentation, carriers, and outcome parameters.
In this study we enrolled patients with degenerative as well as isthmic spondylolisthesis requiring 1-level instrumented posterolateral fusion. The results can, therefore, be applied to a large patient group with low-grade spondylolisthesis requiring fusion surgery. It was possible to include both indications, because the primary outcome parameter of the study was radiographic fusion and not clinical outcome. Radiologic fusion is the most appropriate assessment of the clinical efficacy of an osteoinductive factor, 13 since their main working mechanism is bone formation. This is particularly the case when the primary determinant of clinical outcome is not directly related to the success or failure of arthrodesis. In contrast to most studies, all included patients underwent fusion with the use of spinal instrumentation. Although the efficacy of spinal instrumentation remains controversial, several clinical studies documented the positive effects of the rigid environment for success of fusion. 14 -17 Finally, the autologous bone obtained from the decompression was not discharged, but combined with the OP-1. We believe that combining local bone with OP-1 would be a realistic scenario for anyone using BMPs, because the availability of some local autograft is inherent to the surgical technique used for this indication. To date, no sound evidence is available proving that local bone alone is sufficient. One study retrospectively compared local bone to iliac crest bone. 18 The authors concluded that the use of local bone graft alone achieved a similar fusion rate in single-level fusion, but a much smaller fusion rate in multilevel fusion compared with the iliac crest autograft group. However, this concerned a retrospective study in which there was a substantial selection bias. Since the patients were not randomized, the surgeon decided during surgery which graft should be used. This was probably based on the amount and quality of local bone, the degree of slip, nicotine use, which definitely affect the success rate. Another limitation of this study was that the fusion rate was evaluated by conventional radiograms alone. In this study, no product-related adverse events occurred. In 1 of the patients receiving OP-1, a glioblastoma was diagnosed 11 months after the surgery. To our knowledge, there are no previous reports relating application of BMPs to the occurrence of glioblastoma. The extremely limited and short-lived systemic bioavailability of OP-1, 19 together with the lack of association of BMPs with any type of tumorigenicity, 20 make it unlikely that OP-1 has been responsible for initiation or progression of the glioblastoma. On the contrary, a recent study has shown that BMPs trigger a significant reduction in the stem-like, tumor-initiating precursors of human glioblastomas. 21, 22 Although the results of this preliminary analysis are promising, there are several limitations to this study. Determining the fusion success without an open exploration remains a significant challenge. Even though computed tomographic scanning present the lowest percentage of inaccuracy, 23 more accurate noninvasive methods are desired. Despite the randomization, there was a significant difference in the distribution of the fused levels between both groups. In the OP-1 group, the majority of the patients received a L5-S1 fusion, whereas in the control group L4 -L5 was predominantly fused. There are, to the authors' knowledge, no published studies, which have evaluated the differences in fusion rates between level L4 -L5 and L5-S1 in patients who underwent instrumented posterolateral fusion. Because our study involved only pedicle screw-based instrumented fusion, the influence of the biomechanical differences between the different levels are expected to be minimal. However, the distance between the transverse processes, and thereby the distance which needs to be bridged, might be less in the L5-S1 level when compared with the L4 -L5 level. Although we do not expect this to be of major influence on the fusion rates, this difference should be taken into account.
Another limitation is that the study was not blinded to the surgeon or the patient because this was not possible due to the nature of the surgery. To prevent any potential bias in surgical technique between the treatment groups, the randomization was revealed at the end of the surgery, just before the graft was needed. Additionally, the lack of blinding was compensated by using blinded observers to assess the fusion outcome. Finally, the relatively small sample size in this pilot study may have limited our ability to measure statistical differences between the 2 treatment groups. No statistical differences in complication rates (P ϭ 0.48).
Conclusion
The results of this study demonstrate that OP-1 in a collagen carrier, combined with local autograft, is a safe and effective alternative for iliac crest autograft in instrumented posterolateral fusions. A radiologic definitive fusion rate of 63% was observed using OP-1 and no product-related adverse events occurred. One significant advantage of OP-1 is that it avoids morbidity associated with the harvesting of autogenous bone grafts from the pelvis. However, larger clinical trials are required to further define the efficacy of OP-1 as replacement of iliac crest autograft in instrumented posterolateral fusions.
Key Points
• The objective of this study was to evaluate the safety and feasibility of OP-1 combined with locally obtained autograft in 1-level instrumented posterolateral fusion, based on the 1-year results of the first 36 patients comprising the pilot group of the study.
• Using strict criteria, fusion rates of 63% were found in the OP-1 group and 67% in the control group (P ϭ 0.95). There was no significant difference in the Oswestry scores after the surgery between the study group and the control group (P ϭ 0.52). No product-related adverse events occurred.
• OP-1 combined with locally obtained autograft is a safe and effective alternative for iliac crest autograft in instrumented posterolateral fusions for patients. The main advantage of OP-1 is that it avoids morbidity associated with the harvesting of autogenous bone grafts from the pelvis.
